ered to tumor and normal cells using retroviral constructs and at least 1 effect is a modulation of ligandindependent cell transformation.
Together, these genetic experiments provide a fingerprint of the tumorigenic process for astrocytic cells and raise the possibilities of therapeutic manipulation of these devastating diseases.
oratory of Human Carcinogenesis, National Cancer Institute, Bethesda, MD 20892 Nitric oxide (NO) causes nitrosative deamination of DNA, mainly of cytosine and 5-methylcytosine (4) , and its mutagenic activity in Salmonella typhimurium and human cells has been demonstrated (3, 4) . Thus, NO is a candidate endogenous genotoxic agent involved in the molecular pathogenesis of human cancer. NO is produced by the nitric oxide synthase (NOS) family of cytochrome P-450 enzymes (2) . Therefore, we investigated NOS activity in normal and neoplastic human colon and lung tissues. The NG-monomethyl-L-arginine (NOS inhibitor)-sensitive L-14C-arginine conversion to L-14C_ citrulline was determined in lung and colon tumors and in the surrounding nontumor tissues. Total and Ca2 +-independent NOS activities were assayed. The total NOS (tNOS) activities were 4.1 1 + 2.6 and 3.8 ± 3.4 (mean ± SD) pmol/min/mg protein in colon and lung nontumor tissues, respectively. The tNOS activities were more than doubled in colon tumors (p < 0.05) but only slightly increased in lung tumors (9.3 ± 6.5 vs 4.4 ± 4.2 pmol/min/mg protein, n = 10). The Ca 2+ -independent NOS (Ca-indNOS) activities were 1.1 ± 1.4 and 0.1 ± 0.2 pmol/min/mg protein in colon and lung nontumor tissues indicating that the enzymatic activities are low or absent in these tissues. The majority of colon cancers had significantly increased Ca-indNOS activity (6.3 ± 6.9 pmol/min/mg protein, n = 10), whereas a high Ca-indNOS activity was detected only in 2 of 20 lung tumor samples. Thus, the higher tNOS activity in colon tumors arose from the increase of the CaindNOS activity while the Ca~+-dependent NOS was unaffected. RT-PCR analysis of NOS messenger RNA revealed that an inducible isoform might be present in colon tumors. Increased NO production in colon tumors might contribute to molecular alterations observed in cancer-related genes such as the p53 suppressor gene. Because G:C to A:T p53 mutations are common in human colon tumors (1) , and because elevated NO levels are associated with nitrosative deamination of cytosine to thymidine (4) , it is possible that increased NOS activity contributes to colorectal tumorigenesis.
papillomas induced by treatment with tumor promoter alone. Among the papillomas induced by treatment with tumor promoter alone, 56% (9 of 16) had mutations in c-Ha-ras. These mutations were found primarily in codon 61 and included both A'182 T and A182 -G mutations. In addition, 1 promoter-induced tumor had a G35 -A mutation in codon 12, and I had a G 37 -C mutation in codon 13. The other promoter-induced papillomas did not have detectable mutations in codon 12, 13, or 61.
Most of the B[a]P-initiated papillomas (77%; 10 of 13) did not have detectable mutations in c-Ha-ras codon 12, 13, or 61. However, 3 of these B[a]Pinitiated papillomas had c-Ha-ras codon 13 mutations, 1 had a G 37 -C transversion, and 2 had G 38 T transversions. Most of the 7-MBA-initiated tumors and all of the 10-F-7-MBA-initiated tumors had an activated c-Ha-ras gene [9 of 10 (90%) and 11 of 11 (100%), respectively]. These mutations were almost exclusively A182 ~ T transversions in codon 61 except for 2 (3, 4) . CPP is a mouse skin carcinogen and a mouse skin tumor initiator and induces lung tumors in newborn mice (2 smokers, and asbestos-exposed subgroups, respectively (2) . CARET will be informative also for prostate cancer, all other cancer, and coronary heart disease endpoints. Our serum and DNA bank will be useful for biomarker analysis. CARET metabolism/synthesis of steroid molecules required for membrane integrity. The P-450s responsible for foreign compound metabolism appear to have arisen about 400-500 million yr ago, and it is believed that these enzymes were needed to metabolize and detoxify chemicals found in plants. The plant-animal &dquo;warfare&dquo; hypothesis has been used to explain the evolution of P-450s (2) . In this hypothesis, plants produce toxins to kill predators (animals) and animals evolve P-450s to detoxify these toxins. As this process continues over millions of years, new catalytic activities of P-450s will develop. The net result of this &dquo;warfare&dquo; is that animals will have a unique battery of P-450s and other foreign-compound-metabolizing enzymes that will reflect their diets over the course of evolution. From a practical standpoint, when different species of animals are administered a foreign chemical they will metabolize it in different ways, a fact that has long been recognized (2) . Polymorphisms are through to arise as some P-450s are no longer needed to detoxify dietary chemicals. These P-450s can be eliminated from the gene pool without detrimental consequences. The occurrence of large species differences and polymorphisms is the strongest argument for the absence of a role for these enzymes in normal development and physiology.
P-450s represent a superfamily of enzymes. The Cap 1, CYP2, and CYP3A are the principal families containing foreign-compound-metabolizing forms (1) . Certain of these are known to metabolize the various classes of chemical carcinogens (Table I) (Fig. 1 ) ( 1 ) . RCC in the rat is histologically similar to human RCC, and both arise from proximal tubule cells of the renal cortex. We have shown that the spectrum of genetic alterations involving (a) ras, (b) p53, and (c) (TGF-c~) are identical in both the rat and human tumors (7) . Cytogenetic analysis indicates that monosomy or loss of portions of rat chromosomes 4, 5, and/or 6 (homologous to human 3, 9, and 14, respectively) occurs with a high frequency in these tumors (3) . Although the Mutations in H-ras I codon 12 are frequently observed in carcinoma of the oral cavity and thyroid. Contradictory results have been reported for the frequencies of H-ras 1 mutations in urinary bladder carcinoma. We have studied the mutagenesis of codon 11 (GCC) and 12 (GGC) by the &dquo;test&dquo; carcinogen N-ethyl-N-nitrosourea (ENU) in human fibroblasts. In agreement with its known mutational specificity, ENU induced G to A transitions in codon 12. The G C base pair in the middle position of codon 12 was mutated at a higher frequency (4.4 x 10-') than the G C base pair in the first position. ENU also induced a low level of C to T transitions in the middle position of codon 11. These results indicate a strong bias for mutations in the nontranscribed, coding strand, which is probably the consequence of less efficient repair of this strand. No evidence was obtained for spontaneous deamination at the CpG dinucleotide despite its high content in 5-methyl-cytosine in these cells (C. Pourzand (6, 8) .
Cytoplasmic ionized calcium ([Ca2+]¡) is clearly an important mediator in both accidental and programmed cell death (5) (Fig. 1 ) 
